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Abstract
Even though glycosylphosphatidylinositol (GPI)-anchored proteins lack direct structural contact with the intracellular
space, these ubiquitously expressed surface receptors activate signaling cascades and endocytosis when crosslinked by
extracellular ligands. Such properties may be due to their association with membrane microdomains composed of
glycosphingolipids, cholesterol and some signaling proteins. In this study, we hypothesize that GPI proteins may be required
for crosslinking-mediated endocytosis of extracellular bioconjugates. To test this hypothesis, we first biotinylated the surface
membranes of native K562 erythroleukemia cells versus K562 cells incapable of surface GPI protein expression. We then
compared the entry of fluorescently labeled avidin or DNA condensed on polyethylenimine^avidin bioconjugates into the
two biotinylated cell populations. Using fluorescence microscopy, nearly 100% efficiency of fluorescent avidin endocytosis
was demonstrated in both cell types over a 24 h period. Surprisingly, plasmid DNA transfer was slightly more efficient
among the biotinylated GPI-negative cells as measured by the expression of green fluorescence protein. Our findings that
GPI proteins are not required for the endocytosis of avidin bioconjugates into biotinylated cells suggest that endocytosis
associated with general membrane crosslinking may be due to overall reorganization of the membrane domains rather than
GPI protein-specific interactions. ß 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction
Proteins covalently attached to glycosylphosphatid-
ylinositol (GPI proteins) are ubiquitously expressed
on the external cell membranes of human cells. They
ful¢ll many functions including intracellular and in-
tercellular signaling [1]. GPI proteins associate with
glycosphingolipids and cholesterol in the membrane
forming so called ‘GPI microdomains’ or ‘lipid rafts’
[2,3]. GPI microdomains were ¢rst identi¢ed as de-
tergent-insoluble complexes of membrane £oating to
a low density during sucrose gradient centrifugation
[4]. Further, GPI microdomains ranging in size from
70 to 370 nm were directly visualized in cell mem-
branes by biophysical measurements such as £uores-
cence resonance energy transfer, immuno£uorescence
microscopy, single particle tracking and chemical
crosslinking [5^8]. Some structural diversity among
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GPI microdomains was also demonstrated in associ-
ation with functionally di¡erent GPI proteins [9].
Although GPI proteins have no direct connection
with the cytoplasm, many studies have demonstrated
biologic e¡ects after GPI protein crosslinking with
antibodies or natural ligands. Crosslinking results
in rearrangements of several acylated signaling pro-
teins localized on the inner lea£et of the GPI micro-
domains such as the Src family tyrosine kinases or
G-proteins leading to signaling cascades [10^14].
Crosslinking also triggers endocytosis of the cross-
linked GPI proteins [15,16]. These endocytosis events
occur in £ask-shape endocytotic invaginations called
caveolae or in the non-coated membrane invagina-
tions and require cholesterol, sphingolipids and an
intact actin cytoskeleton [15,17,18].
Crosslinking-mediated endocytosis of the GPI-
anchored proteins is also useful for the delivery of
biologically active substances to cells. Examples in-
clude the GPI-anchored folate receptor for the deliv-
ery of folate and its analogues into neoplastic cells
[19,20]. We have further demonstrated gene delivery
via the highly abundant CD59 or CD55 GPI proteins
on hematopoietic cells [21]. In addition to GPI pro-
tein targeting, we demonstrated that generalized en-
docytosis and targeting can be achieved by avidin
crosslinking of biotin covalently attached to the cell
surface proteins [22]. As GPI proteins are an integral
part of GPI microdomains, we hypothesized that
these proteins may be required for the entry of avidin
and avidin bioconjugates into biotinylated cells. Us-
ing £uorescence microscopy, we compared the cross-
linking e¡ect of £uorescent avidin in biotinylated
K562 erythroleukemic cells (GPI(+)) with that of
K562 cells incapable of surface GPI protein expres-
sion (GPI(3)). Also, we compared plasmid DNA
entry and expression of polyethyleneimine^avidin
(PEI^avidin) bioconjugates in both cell types.
2. Materials and methods
2.1. Cells, antibodies and chemicals
K562 erythroleukemia cells capable of cell surface
GPI-anchored proteins expression (GPI(+) cells)
were obtained from the American Type Culture Col-
lection. Mutated K562 cells incapable of GPI-anch-
ored protein expression (GPI(3)) were provided as a
generous gift from Dr. M. Edward Medof from the
Department of Pharmacology, Case Western Reserve
University, Cleveland, OH, USA [23]. Both cell lines
were cultured in DMEM media supplemented with
10% fetal bovine serum (FBS; Bio£uids, Rockville,
MD, USA) and with 25 Wg/ml gentamicin (Life Tech-
nologies, Gaithersburg, MD, USA). Biotinylated
monoclonal antibodies: anti-CD71 (IgG2a), anti-
CD55 (IgG2a) and anti-CD59 (IgG2a) were pur-
chased from Pharmingen (San Diego, CA, USA).
Isotypic control antibody (IgG2a^£uorescein isothio-
cyanate (FITC)) was obtained from Coulter Corpo-
ration (Hialeah, FL, USA). FITC-conjugated avidin
(avidin^FITC) was purchased from Pierce (Rock-
ford, IL, USA). 106 cells were stained with 20 Wl of
the antibody in 100 Wl of phosphate-bu¡ered saline
(PBS), incubated at 4‡C for 30 min and washed with
PBS. Cells were incubated for 30 min with avidin^
FITC at the concentration of 0.1 ng/cell, in 1 ml of
PBS, at 4‡C, and washed twice prior to analysis by
£ow cytometry. All chemicals were purchased from
Sigma (St. Louis, MO, USA), unless otherwise stated
in the text.
2.2. Labeling cells with biotin and avidin^FITC
Direct biotinylation of all cultured cells was per-
formed as follows: 106 cultured cells were incubated
in a ¢nal concentration of 0.5 ng sulfo-N-hydroxy-
succinimide^biotin (sulfo-NHS^biotin) per cell (1 ml
PBS ¢nal volume; 30 min at 4‡C) and washed twice
with PBS. The sulfo-NHS group conjugated to biotin
permits covalent binding of biotin to free amine
groups in proteins. Cells labeled with biotin were
then incubated with avidin^FITC (106 cells at a ¢nal
concentration of 0.1 ng avidin^FITC per cell, in 1 ml
of PBS, for 30 min at 4‡C) and washed twice with
PBS. In the time-course studies, cells labeled with
avidin^FITC were incubated at 37‡C, collected at
each time-point, ¢xed with 2% paraformaldehyde
and analyzed by £ow cytometry and £uorescence mi-
croscopy.
2.3. Flow cytometry and £uorescence microscopy
Flow cytometry was used to analyze the presence
or absence of non-GPI-anchored CD71 or GPI-
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anchored CD55 and CD59 proteins on the cells and
for measurements of green £uorescence protein ex-
pression in gene transfer studies. All £ow cytometry
analyses were performed using an EPICS ELITE
ESP £ow cytometer (Coulter, Hialeah, FL, USA).
In each experiment, 10 000 cells were analyzed using
argon laser excitation and 525 nm (FITC and GFP)
bandpass emission ¢lters. Fluorescence microscopy
was carried out using an Axiophot microscope with
standard ¢lter sets (Zeiss, Germany).
2.4. Preparation of PEI^avidin conjugate
Conjugation of PEI to avidin was performed as
described previously [22]. Brie£y, branched polymer
PEI (Fluka, Switzerland) of molecular weight 800
kDa was prepared as a 5% w/v hydrochloride salt
solution (800 Wl of commercial PEI, 7 ml of water,
200 Wl of 36% hydrochloric acid). As avidin is glyco-
sylated, sodium periodate oxidation was used for the
introduction of aldehyde residues onto the carbohy-
drate moieties. The aldehyde residues were then re-
acted with amine groups of PEI (Schi¡ base forma-
tion and reductive amination in the coupling bu¡er).
218 Wl of 20 mg/ml sodium periodate solution was
added to 20 mg of lyophilized avidin dissolved in
2 ml of PBS (pH 7.4), and the sample was incubated
for 60 min at 25‡C. The reaction was quenched with
glycerol followed by gel ¢ltration on a Sephadex G-
25 super¢ne (PD10 Pharmacia) column. PEI was
added at the molar ratio of 1:4 (60 mg PEI in 1.2
ml) to the fraction of avidin in PBS, and the sample
was mixed vigorously for 1 h at 25‡C. One ml of
coupling bu¡er (20 mM Na3PO4, pH 7.5, 0.2 M
NaCl and 3 mg/ml NaCNBH3) was added to each
sample followed by 1 h incubation. The addition of
the coupling bu¡er was repeated twice at 1 h inter-
vals with a total of 3 ml of coupling bu¡er added to
each sample prior to overnight incubation. Glycine
in molar excess quenched the avidin for 1 h at 25‡C.
Finally, the conjugate was puri¢ed on the Macro-
Prep High S cation-exchanger (Bio-Rad, Hercules,
CA, USA) with the 0.5^3 M NaCl gradient in 20
mM HEPES, pH 7.5, using Gilson high performance
liquid chromatography system. The main conjugate
fraction (eluted between 1.3 and 3.0 M salt) was
pooled, concentrated to 6 ml by ultra¢ltration and
dialyzed overnight against 3U1 l of PBS, pH 7.4.
The avidin content of each conjugate preparation
was determined at 280 nm and PEI content by nin-
hydrin assay (NIN-SOL ninhydrin reagent from
Pierce) at 570 nm. The reaction yielded 12 mg PEI
conjugated to 4.36 mg avidin at the molar ratio of
1:4.36 (PA4). The overall yield of these conjugates
based on PEI was 20.0%; yield based on avidin was
321.8%. The conjugates were aliquoted and stored
at 380‡C.
2.5. Plasmid DNA and transfection of cells
The plasmid pGT encoding green £uorescence pro-
tein was prepared and puri¢ed as described elsewhere
[24]. Brie£y, pGT was subcloned from the 780 bp
DNA EcoRI/NotI fragment encoding eGFP from
pEGFP-N1 (Clontech, Palo Alto, CA, USA) inserted
into the pGreenLantern1-1 vector (Life Technolo-
gies, Gaithersburg, MD, USA) digested with EcoRI
and NotI. Transfection complexes of DNA with PEI
or PEI^avidin were prepared based on the optimiza-
tion studies described earlier [22]. Ten Wg of plasmid
DNA was added and mixed gently with PEI or PEI^
avidin (PA4) conjugates in PBS (total volume 0.5
ml). PEI^DNA or PEI^avidin^DNA complexes
were formed at molar ratios of PEI nitrogen to
DNA phosphate of 6.4:1. After a 30 min incubation
at 25‡C, 0.5 ml transfection mixture was added to the
cells in 1.5 ml culture medium containing 10% FBS
and gently mixed. All transfections were performed
in 24 well plates (Costar, Cambridge, MA, USA)
with 5U105 cells per well. After 4 h incubation
with the transfection complexes, 1 ml fresh culture
media containing 15% FBS was added to each well.
Transfection was assessed based on GFP expression
by £uorescence microscopy and £ow cytometry 48 h
later.
3. Results
3.1. Fluorescent avidin is e⁄ciently endocytosed in
GPI(+) and GPI(3) K562 cells
We used £ow cytometry analyses to con¢rm the
lack of GPI proteins on the GPI(3) cells versus their
expression on GPI(+) cells. Both cell populations
demonstrated very little auto£uorescence, non-specif-
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ic binding with £uorescently labeled antibodies (Fig.
1, ¢rst panel), or avidin^FITC (not shown). In con-
trast, monoclonal antibodies with a⁄nity to GPI-
anchored CD55 or CD59 proteins e⁄ciently bound
to native K562 cells at a signi¢cantly higher level
than observed on the controls con¢rming a high level
of GPI-anchored proteins on the surfaces of these
cells (Fig. 1, upper panel). The mean £uorescence
was highest with anti-CD59 (3.57 þ 2.46 FU) com-
pared with 1.33 þ 1.20 FU with anti-CD55 and
0.229 þ 0.08 FU among the unstained cells. On
K562 cells unable to synthesize GPI anchors, stain-
ing with both anti-CD59 and anti-CD55 antibodies
resulted in no signi¢cant increase in £uorescence
above the unstained control cells (Fig. 1, lower pan-
el). We also analyzed the surface level of the trans-
ferrin receptor (CD71), a transmembranous protein
[25]. Anti-CD71 staining demonstrated the expres-
sion of CD71 among both GPI(3) and GPI(+) cells
(Fig. 1, far right). Interestingly, the level of CD71
Fig. 1. Flow cytometry analysis of monoclonal antibody labeling in wild-type K562 cells (GPI(+)) and K562 cells de¢cient in produc-
tion of GPI anchor (GPI(3)). Cells were labeled using £uorescent isotypic control antibody (¢rst panel) or one of the biotinylated
monoclonal antibodies followed by avidin^FITC: anti-CD55 (second panel), anti-CD59 (third panel) or anti-CD71 (fourth panel).
y-axis : cell counts, x-axis: £uorescence. The experiment was repeated twice with the same results.
Fig. 2. Addition of avidin^FITC to biotinylated K562 GPI(+) cells (A^C) versus K562 GPI(3) cells (D^F). Matching £uorescence
(left) and phase (right) images of biotinylated cells incubated at 37‡C after addition of £uorescent avidin are shown (100U objective).
Cells treated with avidin^FITC and observed immediately (A, D), after 1 h (B, E) and after 24 h (C, F) were compared. Each experi-
ment was repeated several times with the same results.
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expression appeared slightly higher among the
GPI(3) cells.
Next, we biotinylated the surface membranes of
both cell types and incubated those cells with £uo-
rescent avidin. As demonstrated previously [22], avi-
din^FITC crosslinked to biotin on the cell surface
results in the rapid and e⁄cient entry of those mol-
ecules. Hence, avidin^FITC endocytosis into bio-
tinylated GPI(+) K562 cells was used here as a pos-
itive control (Fig. 2A^C). When avidin^FITC was
added to biotinylated GPI(+) K562 cells, 100% of
cells became £uorescently labeled. The £uorescent
label was initially well dispersed on the cell surfaces
with several areas of increased £uorescence (Fig. 2A).
Within 1 h, £uorescein was detected as clusters inside
endosomal compartments in all the cells (Fig. 2B).
Over the next 24 h, the £uorescence gradually shifted
from the cell surface to the cell interior in nearly
100% of the cells as demonstrated by comparing
the £uorescence and phase images of the same mi-
croscopic ¢eld (Fig. 2C).
The pattern and time-course of avidin^FITC en-
docytosis observed among biotinylated GPI(3) K562
cells were comparable to those detected in GPI(+)
K562 cells, but some important di¡erences were ob-
served (Fig. 2D^F). Immediately after the addition
of avidin^FITC (Fig. 2D), 100% of GPI(3) cells dis-
played well dispersed surface £uorescence with small
areas of increased intensity. Within 1 h, avidin^FITC
was also detected within endosomal compartments
(Fig. 2E). However, increased capping (gathering of
avidin^FITC in clusters on the cell surface preceding
endocytosis) and larger £uorescent clusters were
present on the surfaces of the GPI(3) cells compared
with GPI(+) cells (Fig. 2E,B). This may re£ect di¡er-
ences in the surface organization of lipid rafts in the
absence of GPI proteins. In both cell types, the sur-
face £uorescence was no longer detected after 24 h.
All avidin^FITC remained inside the cells without
evidence of recycling to the surface, and no exocyto-
sis of £uorescent complexes was detected. It was also
noted that both GPI(+) and GPI(3) cells formed
clustered groups directly after avidin labeling, per-
haps as the result of avidin bridging among neighbor
cells (Fig. 2A,D). After endocytosis of the surface
Fig. 3. Cell growth of K562 GPI(+) and GPI(3) cells before
(A) and after biotinylation and avidin addition (B). Cell growth
was measured on four successive days. Numbers of cells are
means of triplicate experiments with S.D. bars. solid bars:
GPI(3) cells, open bars: GPI(+) cells.
Fig. 4. Comparison of PEI^avidin (PA4) transfection e⁄ciencies
in GPI(+) K562 cells (open bars) or GPI(3) cells (solid bars).
For each transfection, PEI or PEI^avidin (PA4) was complexed
with 10 Wg of pGT plasmid at the N:P ratio of 6.4:1. Transfec-
tion e⁄ciencies represent the percentage of GFP expressing cells
from two independent experiments each performed in duplicate.
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avidin, the cells no longer showed the tendency to
cluster (Fig. 2C,F).
We also tested the e¡ect of avidin^FITC endocy-
tosis on cell viability. Cell counts revealed that while
GPI(3) cells grow slower than GPI(+) cells, no sig-
ni¢cant change in cell growth was detected after avi-
din^FITC crosslinking in either biotinylated GPI(+)
and in GPI(3) cell populations (Fig. 3). No changes
in cell viability were detected by dye exclusion among
either population. Unbiotinylated GPI(+) and
GPI(3) K562 cells incubated with avidin^FITC
alone showed no increases in £uorescence as assessed
by £ow cytometry or £uorescence. Avidin^FITC en-
docytosis was not detected in directly biotinylated
GPI(+) or GPI(3) cells incubated at 4‡C over the
24 h period (not shown).
3.2. Cells lacking GPI proteins can be e⁄ciently
transfected using PEI^avidin^DNA targeted to
biotinylated receptors
We have previously demonstrated transfer of plas-
mid DNA mediated by avidin conjugate (PEI^avi-
din^DNA) crosslinking of biotinylated cell surface
proteins [22]. As the expression of transferred gene
requires its endocytosis and tra⁄cking to the nu-
cleus, we tested the requirement of GPI proteins
for the successful transfection using PEI^avidin^
DNA in biotinylated cells.
PEI^avidin conjugates were prepared at the molar
ratio of PEI to avidin of 1:4 (PA4). For the trans-
fection experiments, complexes of DNA with untar-
geted PEI or PEI^avidin were formed at an N:P
ratio of 6.4:1. Green £uorescent protein (GFP)-en-
coded plasmid DNA was chosen as a speci¢c marker
of successful transfection since endosomal escape,
tra⁄cking of plasmid DNA to the nuclear compart-
ment and high-level transgene expression are re-
quired for the cells to £uoresce at detectable levels.
GFP expressing cells were de¢ned as those cells hav-
ing a £uorescence at levels at least two S.D.s above
the negative control. Gene transfer e⁄ciencies were
measured in GPI(+) and GPI(3) K562 cells by £ow
cytometry after 48 h and are shown on Fig. 4. Un-
targeted PEI in GPI(+) and GPI(3) cells resulted in
only 1.6 þ 0.2% and 1.2 þ 0.3% of cells expressing
GFP, respectively. Transfection using PEI^avidin
(PA4) conjugate in cells directly labeled with biotin
resulted in the 22.2 þ 2.5% GPI(+) and 24.8 þ 2.3%
GPI(3) GFP expressing cells (about 11^30-fold in-
crease over untargeted PEI). Fig. 5 demonstrates the
transfection e⁄ciencies and GFP expression levels
among GPI(+) and GPI(3) cells incubated with un-
targeted PEI or PEI^avidin (PA4). Each dot repre-
Fig. 5. Transfection of GPI(+) cells (A) and GPI(3) cells (B) with PEI or PEI^avidin (PA4) complexed with pGT. Untransfected con-
trol cells, cells transfected with untargeted PEI and biotinylated cells transfected with PEI^avidin (PA4) are compared. Flow cytometry
analyses show relative GFP expression on the y-axis within the four log scale. The percentage of cells within each £uorescence decade
is provided (negative cells in the lowest decade, and cells expressing GFP at low, medium and high levels in the upper three decades).
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sents a cell with the corresponding GFP expression
intensity shown (y-axis; log scale). As shown, the
PEI^avidin (PA4) transfection e⁄ciency and the
overall distribution of GFP expressing cells was sim-
ilar in GPI(3) and GPI(+) cells. However, more
transfectants demonstrated the highest level of GFP
expression among the GPI(3) cells (10.4% GPI(3)
versus 3.8% GPI(+) cells).
4. Discussion
GPI-anchored proteins are expressed on the surfa-
ces of human cells where they ful¢ll various func-
tions. Depending on the cell type, some GPI proteins
function as receptors (CD14, u-PAR, folate receptor,
prion protein) or cell adhesion molecules (CD48,
CD58 or CD90) [1,14,26]. Other GPI proteins
(CD55, CD59) protect hematopoietic host cells
against complement-mediated cell lysis [27]. In con-
trast to the considerable functional diversity of GPI
proteins, their lipid anchors result in shared proper-
ties including association with sphingolipids, choles-
terol and some signaling proteins in the membrane
[3]. Recent data suggest that GPI microdomains cov-
er large areas of the cell surface and, depending on
the speci¢c structure, can cluster functionally di¡er-
ent GPI proteins [9]. It was proposed that GPI mi-
crodomains serve as membrane-specialized structures
that associate GPI proteins and signaling molecules
for cell-speci¢c signal transduction events upon GPI
proteins crosslinking [2]. Another typical feature of
GPI proteins is their crosslinking-mediated endocy-
tosis. In cells able to form caveolae (membrane do-
mains structurally di¡erent from GPI microdomains
[3]), antibody binding results in redistribution of GPI
proteins into caveolae prior to endocytosis [18,28^
30]. In cells unable to form caveolae, such as T-cell
leukemic Jurkat cells or erythroleukemic K562 cells,
antibody binding also results in the endocytosis of
GPI proteins [15,16,31]. The rearrangements in mem-
brane structure following GPI protein crosslinking
are presumably required for crosslinking-mediated
endocytosis to occur [2]. Based on this assumption,
we investigated whether GPI-anchored proteins
themselves are required for endocytosis triggered by
membrane crosslinking.
Based upon investigations into the pathogenesis of
paroxysomal nocturnal hemoglobinuria, K562 cell
lines have become available that are defective in
the synthesis of GPI [23]. This defect results in the
lack of all GPI proteins on the surface of those cells.
The speci¢c absence of GPI-anchored proteins on the
GPI(3) K562 cells was con¢rmed in this study by
£ow cytometry examination after anti-CD59, anti-
CD55 and anti-CD71 staining. The use of sulfo-
NHS^biotin permitted covalent attachment of biotin
primarily to epsilon amine groups of a lysine residue
in all proteins available on the cell surface [32]. Ex-
tremely high a⁄nity (Ka = 1015 M31) and tetrava-
lency of avidin for biotin provided very e⁄cient
crosslinking of proteins on the whole cell surface
leading to random bridging of most surface proteins.
The clustering of biotinylated proteins on the cell
surface and the entry of avidin^FITC in both
GPI(+) and GPI(3) cells began within 1 h and re-
sulted in complete clearance of the avidin within 24
h. Hence, e⁄cient endocytosis of £uorescent avidin
into biotinylated cells occurred even in the absence of
GPI proteins on the cell membrane.
In addition to the endocytosis of avidin^FITC bio-
conjugates, we studied transfection of PEI^avidin^
DNA bioconjugates into cells lacking GPI proteins
as a means of determining the role of GPI proteins
for endocytosis-mediated transfection. After internal-
ization of surface PEI^avidin^DNA complexes into
endosomes, further transfection requirements include
DNA escape into the cytoplasm promoted by PEI-
driven osmotic swelling and disruption of endo-
somes, entry of DNA into the nucleus, transcription,
polyadenylation and proper translation of the en-
coded gene [33^35]. We wanted to experimentally
determine whether GPI proteins additionally a¡ect
endosomes tra⁄cking, disruption and release of
DNA into the cytoplasm. The avidin^PEI bioconju-
gates used in this study transfected K562 cells with
e⁄ciencies comparable to PEI targeted to transferrin
receptor or adenoviral transduction of these cells
[36,37]. Surprisingly, we found slightly higher trans-
fection e⁄ciencies among the GPI(3) cell popula-
tions. In addition, a relatively high percentage of
GPI(3) cells demonstrated extremely high transgene
expression. These results suggest that GPI proteins
are not required for the entry, tra⁄cking or endo-
somal escape of transfected bioconjugates. However,
these data have not ruled out the possibilities that
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slower growth of GPI(3) cells or di¡erences in the
expression levels of other surface molecules like
CD71 may in£uence transfection e⁄ciencies in those
cells.
Our original hypothesis was that GPI proteins
may be required for microdomain crosslinking and
subsequent endocytosis of biotin covalently attached
to cell surface proteins. This hypothesis was based on
the suggestion that GPI protein clustering introduces
rearrangements in GPI microdomains that trigger
crosslinking-mediated endocytosis [2]. Therefore,
one might expect an incomplete clearance of cross-
linked surface molecules in the absence of GPI pro-
teins. Such incomplete clearance occurs in the ab-
sence of crosslinking [22]. While slight di¡erences
between the pattern of avidin^FITC capping and en-
try into GPI(3) versus GPI(+) cells were observed,
complete endocytosis and clearance of avidin from
the cell surface occurred within 24 h in both cell
types. Also, further steps of endocytosis including
endosomes tra⁄cking and release of plasmid DNA
were not diminished by a lack of GPI proteins. Thus,
endocytosis and intracellular tra⁄cking may be ge-
nerically associated with crosslinking and reorganiza-
tion of membrane domains rather than dependent on
the presence of speci¢c molecules, like GPI proteins,
located within those domains.
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